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Aims In a nationwide cohort of primary (PP-ICD) and secondary prevention (SP-ICD) implantable cardioverter defibrillator
(ICD) patients, we aimed to investigate the association between co-morbidity burden and risk of appropriate ICD
therapy and mortality.

Methods We identified all patients >18 years, implanted with first-time PP-ICD (n = 1873) or SP-ICD (n = 2461) in Denmark
and results from 2007 to 2012. Co-morbidity was identified in administrative registers of hospitalization and drug prescription
from pharmacies. Co-morbidity burden was defined as the number of pre-existing non-ICD indication-related
co-morbidities including atrial fibrillation, diabetes, chronic obstructive pulmonary disease, chronic renal disease,
liver disease, cancer, chronic psychiatric disease, and peripheral and/or cerebrovascular disease, and divided into
four groups (co-morbidity burden 0, 1, 2, and >3). Through Cox models, we assessed the impact of co-morbidity
burden on appropriate ICD therapy and mortality. Increasing co-morbidity burden was not associated with increased
risk of appropriate therapy, irrespective of implant indication [all hazard ratios (HRs) 1.0-1.4, P = NS]. Using no
co-morbidities as reference, increasing co-morbidity burden was associated with increased mortality risk in PP-ICD
patients (co-morbidity burden 1, HR 2.1; comorbidity burden 2, HR 3.7; co-morbidity burden >3, HR 6.6) (all P <
0.001) and SP-ICD patients (co-morbidity burden 1, HR 2.2; co-morbidity burden 2, HR 3.8; co-morbidity burden >3,
HR 5.8). With increasing co-morbidity burden, an increasing frequency of patients died without having utilized their
device, with 72% PP-ICD and 45% SP-ICD patients with co-morbidity burden >3 dying without prior appropriate

ICD therapy.

Conclusion Increasing co-morbidity burden was not associated with increased risk of appropriate ICD therapy. With increasing
co-morbidity burden, mortality increased, and a higher proportion of patients died, without ever having utilized their
device.

Keywords Implantable cardioverter defibrillators e Co-morbidity burden e Mortality ¢ Appropriate ICD

therapy e Implantation rate
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Introduction

The survival benefit of implantable cardioverter defibrillator (ICD)
implantation in patients who have survived a cardiac arrest or
an episode of sustained ventricular tachycardia (VT) was demon-
strated in major clinical trials in the late 1990s."2 Since then, the
indications for ICD implantation have evolved to include primary
prevention of sudden cardiac death (SCD), with large randomized
clinical trials showing a significant survival benefit in patients with
depressed LV function, without prior resuscitated cardiac arrest or
a sustained VT episode.2™®

Pharmacological advancements and improved treatment for
myocardial infarction and heart failure have resulted in an increasing
incidence of patients who fulfil the criteria for primary prevention
ICD implantation. Furthermore, the implementation and increasing
use of automatic external defibrillators for out-of-hospital cardiac
arrest has led to a higher survival rate from SCD, and thus an
increasing number of patients who would benefit from a secondary
prevention ICD.”8

Even though randomized trials are essential for proof-of-concept
and clinical implementation, these trials often have strict inclusion
criteria and thus represent a selected patient population that
might not be representative for ‘real-life’ ICD patients. In order
to assess the prognosis in ICD patients in the setting of multiple
co-morbidities, it is important to look beyond the results from
landmark trials, with data from large, prospective, clinical registries.

In a nationwide Danish cohort of consecutively implanted
ICD recipients, we aimed to investigate the association between
increasing number of non-ICD indication-related co-morbidities
and the risk of appropriate ICD therapy and all-cause mortality
in primary and secondary prevention ICD patients, respectively.

Methods

Registries
Demographic information on date of birth, gender and date of death
is registered in the Danish Civil Person Register.”~ "

The Danish Pacemaker and ICD Register (DPIR)

This registry contains prospectively collected data on all pacemaker and
ICD implantations performed in Denmark, with information on implant
indication, symptomology, and device and lead type at the time of
device implantation.'>'3 Since 1 January 2007, information on NYHA
class and LVEF has been documented at the time of implantation, and
follow-up data on ICD therapy have been prospectively recorded.’?

The Danish National Patient Register

This contains data on all outpatient visits, hospital admissions, and oper-
ative procedures in Denmark since 1978.' Each patient contact is
coded with one primary and up to several secondary diagnoses accord-
ing to ICD-8 (International Classification of Diseases, 8th revision) until
1993 and ICD-10 (10th revision) from 1994 onwards. These admission
codes are used to reimburse the hospitals for expenses associated with
hospital contacts and procedures performed. As a result, the accuracy
of the registry is high.

The Danish Register for Medicinal Products Statistics

This contains individual-level information on all redeemed prescrip-
tions from Danish pharmacies from 1995, with information on type and
name of the drug, according to the Anatomical Therapeutic Chemical
(ATC) classification, as well as the date, dose, and quantity dispensed.’>
All Danish residents are assigned an individual and permanent civil
person registration number at birth or when moving to the country,”"°
enabling cross-linkage of data from the above-mentioned registries.

Study population

We performed a population-based cohort study including all Danish
patients with a first-time ICD implantation with a primary or secondary
prevention indication in the period 1 January 2007 to 31 December
2012 (n=4547). Patients with a CRT-D were not included. Exclusion
criteria included, missing indication for implant (n=114), age <18
years (n =40), a non-valid date of birth (n=43), and emigration prior
to implantation (n=16), leaving us with 4334 patients. Follow-up was
conducted from time of device implantation until 31 December 2012.

Patient characteristics,
pharmacotherapy, and co-morbidities

Pharmacotherapy at implant was defined as a redeemed prescription
within 180 days prior to implant or 7 days after implant.

Co-morbidities prior to device implantation were determined
using diagnoses and procedural codes from The Danish National
Patient Register, as well as ATC codes for redeemed prescriptions
from the Danish National Register for Medicinal Products Statistics,
as described previously'®~22 (Supplementary material online, Table
§7). For the current study, we investigated the risk of pre-existing
non-ICD indication-related co-morbidities and associated outcome.
Non-ICD indication-related co-morbidities were defined as atrial fibril-
lation (AF), diabetes, chronic obstructive pulmonary disease (COPD),
chronic renal disease, peripheral vascular disease, cerebrovascular
disease, cancer, liver disease, and chronic psychiatric disease. One
point was assigned for each pre-existing non-ICD indication-related
co-morbidity, creating a cumulated co-morbidity burden. This method-
ology has been used previously.2*

Endpoints

Information regarding appropriate ICD therapy was obtained from the
DPIR, and defined as anti-tachycardia pacing (ATP) or shock rendered
for VT or ventricular fibrillation (VF) as evaluated by the treating
physician. Death and time of death were identified through the Danish
Civil Person Register.

Ethics

Retrospective register-based studies do not need ethical approval
in Denmark. Permission to use data from the Danish Registries
was granted by The Danish Data Protection Agency (2007-58-0015,
internal reference: GEH-2014-015).

Statistics

Clinical characteristics were compared between secondary and
primary prevention ICD patients using the Kruskal-Wallis test

© 2016 The Authors
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for continuous variables, and ;(2 test or Fisher’s exact test for
dichotomous variables where appropriate.

Temporal development in co-morbidity burden at implant was tested
for significance using the Cochran—Armitage test for trend.

To investigate device utilization, we identified a subset of patients
who either had experienced an appropriate ICD therapy (i.e. patients
who gained benefit from the device) or died without ever having
utilized their device appropriately (i.e. patients who did not gain benefit
from the device) and plotted these percentages in a bar chart by
co-morbidity burden and implant indication. Patients who were still
alive and never had experienced an appropriate ICD therapy were
excluded from this analysis.

Absolute risk over time for the endpoints are illustrated by
Kaplan—Meier plots for the endpoint of death, with differences
between groups calculated by the —2Log likelihood ratio test. For
the endpoint of appropriate therapy, cumulative incidence curves were
plotted in order to account for competing risk of death. Multivariate
Cox proportional hazards models were applied to assess the influence
of non-ICD indication-related co-morbidities on death and appropriate
therapy, adjusting for age and sex.

Hazard ratios (HRs), their 95% confidence intervals (Cls), and
affiliated P-value are reported. A two-tailed P-value below 0.05 was
considered significant.

All statistical analyses were conducted through the secure servers
of Statistics Denmark, using SAS 9.4 statistical software (SAS Institute
Inc., Cary, NC, USA).

Results

Clinical characteristics of primary
and secondary prevention implantable
cardioverter defibrillator patients

Patients with an ICD were predominantly male (80%). Primary
prevention ICD patients presented with more advanced cardiac
disease and received more heart failure medication, as com-
pared with secondary prevention ICD patients. However, no dif-
ference was evident in age at implant or co-morbidity burden
(Table 7). In primary prevention ICD patients, we observed a tem-
poral increase in age at implant (2007, 59.4 + 13.7 years; 2012,
62.6 + 12.3 years, P <0.009), as well as in the burden of non-ICD
indication-related co-morbidities at implant, with reductions in
the percentage of patients without non-ICD indication-related
co-morbidities (2007, 49%; 2012, 41%, P for trend =0.028), and
an increase in the percentage of patients with >2 non-ICD
indication-related co-morbidities (2007, 16%; 2012, 25%, P for
trend =0.002). Age at implant and co-morbidity burden remained
stable over time in secondary prevention ICD patients (P for
trend =0.105-0.768).

Co-morbidity burden and appropriate
implantable cardioverter defibrillator
therapy

Over a mean follow-up of 2.52 + 1.65 years, 1057 (24%) patients
experienced appropriate ICD therapy, with 290 (15%) of pri-
mary and 767 (31%) of secondary prevention patients (P < 0.001),

© 2016 The Authors
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Table 1 Clinical characteristics at the time of

implantation

Clinical characteristics Primary Secondary
(n=1873) (n=2461)

Age (years) 622+122  623+132
Male gender 1514 (81) 1949 (79)
LVEF (%) 29.4+124  404+145"
NYHA class > Il 402 (23) 212 (10)"
QRS duration (ms) 103.4+237 102.2+288"
Indication for implantation

Primary prevention 1873 (100) -

Resuscitated cardiac arrest 1097 (45)

Documented spontaneous VT or 1329 (54)

syncope with inducible VT/VF
Other/unknown 35(1)
Co-morbidities

Congestive heart failure 1706 (91) 1483 (60)"
Ischaemic cardiomyopathy 1508 (81) 1743 (71)"
Previous myocardial infarction 1191(64) 1323 (54)°
Previous atrial fibrillation 403 (22) 579 (24)
Diabetes 369 (20) 399 (16)"
Chronic obstructive pulmonary 291 (16) 330 (13)°
disease
Cerebrovascular disease 226 (12) 324 (13)
Peripheral vascular disease 157 (8) 203 (8)
Chronic renal disease 65 (4) 67 (3)
Liver disease 8 (0.4) 22 (0.9)
Cancer 76 (4) 134(5)"
Chronic psychiatric disease 32 (2) 47(2)
Non-ICD indication-related
co-morbidity burden®
No co-morbidities 812 (43) 1113 (45)
Co-morbidity burden="1 660 (35) 800 (33)
Co-morbidity burden =2 272 (15) 384 (16)
Co-morbidity burden >3 129 (7) 164 (7)
Baseline pharmacotherapy
Beta-blocker 1614 (86) 1997 (81)"
ACE inhibitor/ARB 1603 (86) 1682 (68)"
Diuretics 1315 (70) 1256 (51)"
Digoxin 243 (13) 238 (10)"
Amiodarone 111 (6) 420 (17)°

ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction;
NYHA, New York Heart Association; VF, ventricular fibrillation; VT, ventricular
tachycardia.

“P<0.05:

2Non-ICD indication-related co-morbidity burden: 1 point given for each of
the following co-morbidities: atrial fibrillation, diabetes, chronic obstructive pul-
monary disease, chronic renal disease, peripheral vascular disease, cerebrovas-
cular disease, cancer, liver disease, and chronic psychiatric disease.

irrespective of co-morbidity burden (P=0.478 for primary and
P=0.503 for secondary).

The 4-year cumulative incidence for overall appropriate ICD
therapy (ATP or shock) and specifically appropriate shock was
23% and 12%, respectively, for primary prevention patients, and
somewhat higher for secondary prevention patients, with 39% and
21%, respectively (Figure TA and B). In multivariate Cox regression
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Figure 1 Cumulative incidence of appropriate implantable cardioverter defibrillator (ICD) therapy in primary (A) and secondary prevention
(B) ICD patients by increasing co-morbidity burden. The probability of death by Kaplan—Meier plots in primary (C) and secondary (D) prevention
ICD patients by increasing co-morbidity burden. Co-morbidity burden was calculated for each patient as a score, giving 1 point for each of the
following non-ICD indication-related co-morbidities present at the time of implant: atrial fibrillation, diabetes, chronic obstructive pulmonary
disease, chronic renal disease, peripheral vascular disease, cerebrovascular disease, cancer, liver disease, and chronic psychiatric disease; no
co-morbidities (black), one co-morbidity (red), two co-morbidities (green), and three or more co-morbidities (blue).

analyses, this risk difference translated into an ~2-fold increased
risk of appropriate ICD therapy (ATP or shock) in secondary,
as compared with primary prevention patients (HR 2.1, 95% CI
1.86-2.44, P<0.001), which was irrespective of co-morbidity
burden (P for interaction =0.653).

Neither primary nor secondary prevention patients with a high
co-morbidity burden experienced more appropriate ICD ther-
apy over time, as compared with patients with no co-morbidities
(Figure TA and B). In multivariate analyses, we found no association
between increasing co-morbidity burden and the risk of appropri-
ate therapy, regardless of implant indication (Figure 2A).

Analysing the co-morbidities individually, the risk of appropriate
ICD therapy in secondary prevention ICD patients was significantly
increased in patients who presented with prior AF and/or chronic
renal disease (Figure 3A). In primary prevention ICD patients, prior
AF was the only individual co-morbidity significantly associated
with increased risk of appropriate therapy (Figure 3A).

All-cause mortality and co-morbidity
burden

Increasing co-morbidity burden was associated with increased risk
of death, irrespective of implant indication (Figures 7C and D, and
2B).

Primary and secondary prevention patients had similar 4-year
cumulative risk of death of 7% in patients without any non-ICD
indication-related co-morbidities, 19% in patients with one
co-morbidity, 35-36% in patients with two co-morbidities, and
52% in patients with three or more co-morbidities (Figure 7C and
D).

In a subgroup analysis, looking at patients who either experi-
enced an appropriate ICD therapy or died, patients with a high
co-morbidity burden more often died without ever having utilized
their ICD device (Figure 4).

Atrial fibrillation, diabetes, COPD, chronic renal disease, and
peripheral vascular disease were independently associated with

© 2016 The Authors
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A Outcome: Events/ Incidence Rates Hazard Ratios

Appropriate ICD therapy No of patients, (%) per 100 py [ 95%Cl ] [95%CI] pValue
Primary .

No comorbidity 125/812 (15.4) 6.7 [5.6-8.0] o REF N/A
Comorbidity burden=1 107/660 (16.2) 7.6 [6.2-9.1] l—H 1.1[0.9-1.5] 0.433
Comorbidity burden=2 44/272 (16.2) 9.4 [7.0-12.6] |—0—¢ 1.4[1.0-2.0] 0.072
Comorbidity burden=>3 14/129 (10.9) 6.5[3.8-10.9] l—d—! 1.0 [0.5-1.7] 0.857
Secondary

No comorbidity 337/1113 (30.3) 14.2 [12.8-15.8] 0 REF N/A
Comorbidity burden=1 248/800 (31.0) 156.2 [13.5-17.3] m 1.0 [0.9-1-2] 0.939
Comorbidity burden=2 132/384 (34.4) 19.5[16.4-23.1] H—i 1.2 [1.0-1.5] 0.087
Comorbidity burden==3 51/164 (31.1) 19.8 [15.0-26.0] H—l 1.2 [0.9-1.6] 0.299

T 1
01 1.0 3.0
Hazard Ratio [95% Cl]
B
Outcome: Events/ Incidence Rates Hazard Ratios

All-cause mortality No of patients, (%) per 100 py [ 95%Cl ] [95%CI] pValue
Primary i

No comorbidity 40/812 (4.9) 1.9[1.4-2.6] t REF N/A
Comorbidity burden=1 79/660 (12.0) 5.0 [4.0-6.2] —o— 2.1[1.4-3.1] <0.001
Comorbidity burden=2  49/272 (18.0) 9.3[7.0-12.2] —e— 3.7 [2.4-5.7] <0.001
Comorbidity burden=>3  43/129 (33.3) 18.6 [13.8-25.1] ——e——— 6.6 [4.2-10.3] <0.001
Secondary :

No comorbidity 57/1113 (5.1) 1.9[1.4-2.4] O REF N/A
Comorbidity burden=1  116/800 (14.5) 5.4 [4.5-6.5] —o— 2.2[1.6-3.0] <0.001
Comorbidity burden=2  90/384 (23.4) 9.8 [8.0-12.1] ——i 3.8 [2.7-5.3] <0.001
Comorbidity burden=>3 57/164 (34.8) 16.8 [13.0-21.8] —— 5.8 [4.0-8.4] <0.001

[ [ T 1
0.5 50 10.0

Hazard Ratio [95% CI]

Figure 2 Forest plot depicting the association between increasing co-morbidity burden and the risk of appropriate implantable cardioverter
defibrillator (ICD) therapy (A) and all-cause mortality (B) in patients with the same implant indication, always using patients with no
co-morbidities as a reference. Non-ICD indication co-morbidity burden was calculated as a score, giving 1 point for each of the
following co-morbidities: atrial fibrillation, diabetes, chronic obstructive pulmonary disease, chronic renal disease, peripheral vascular disease,
cerebrovascular disease, cancer, liver disease, and chronic psychiatric disease. Multivariate Cox proportional hazards models were used to
assess the risk of the endpoints by increasing non-ICD indication-related co-morbidity burden, adjusting for age and gender. Cl, confidence

interval; N/A, not applicable.

© 2016 The Authors
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Outcome: Events/ Incidence rates Hazard ratios p-value for
Appropriate ICD therapy No of patients, (%) per 100 py [ 95%Cl ] [ 95%CI] p-value interaction
Atrial fibrillation
Primary 77/403 (19.1) 9.5[7.6-11.8] o 1.3[1.0-1.7] 0.042
Secondary 205/579 (35.4) 19.0[16.5-21.8] ted 1.2[1.0-1.4] 0.022 0.604
Diabetes
Primary 48/369 (13.0) 7.3[5.5-97] e+ 09[07-1.3] 0599
Secondary 120/399 (30.1) 16.4[13.8-19.7] e 1.0[0.8-1.2] 0.995 0.653
Cerebrovascular disease
Primary 28/226 (12.4) 6.3[4.4-9.2] [agal 0.8[0.5-1.2] 0.255
Secondary 99/324 (30.6) 17.1[14.1-20.8] 4! 1.0[0.8-1.3] 0.734 0.244
Peripheral vascular disease
Primary 23/157 (14.7) 9.2[6.1-13.8] He—| 1.2[0.8-1.8] 0.515
Secondary 61/203 (30.1) 15.2[11.8-19.5] aal 1.0[0.7-1.2] 0728 0.460
Chronic obstructive pulmonary disease
Primary 38/291 (13.1) 6.7[4.9-9.2] e 09[06-1.2] 0472
Secondary 110/330 (33.3) 18.0[14.9-21.7] | 1.1[0.9-1.4] 0.203 0.203
Chronic renal disease
Primary 11/65 (16.9) 11.8[6.5-21.3] F—e—+H 15[08-27] 0.190
Secondary 28/67 (41.8) 30.8[21.3-44.6] —— 1.8[1.2-26] 0.002 0.609
Liver disease
Primary <4/8 (<50.0) 11.9[3.0-47.7] f——e—» 16[04-6.3] 0534
Secondary 8/22 (36.4) 19.9[9.9-39.7] f—-o—— 1.2[0.6-24] 0.587 0.755
Cancer
Primary 10/76 (13.2) 7.1[3.8-13.2] ke 1.2[0.9-1.5] 0.334
Secondary 42/134 (31.3) 19.9 [14.7-27.0] e 1.1[0.9-1.5] 0.378 0.203
Chronic psychiatric disease
Primary <4/32 (<12.5) 2.7[0.7-10.9] Fo—— 04[0.1-1.8] 0203
Secondary 7147 (14.9) 9.0[4.3-18.8] e— 06[03-1.2] 0.121 0.695
—t 1
01 10 3.0
Hazard Ratio [95% CI]

Qutcome: Events/ Incidence rates Hazard ratios p-value for
All-cause mortality No of patients, (%) per 100 py [ 95%CI ] [95%CI] p-value interaction
Atriaf fibrillation
Primary 74/403 (18.4) 8.1[6.4-10.1] o 1.5 [1.1-20]  0.006
Secondary 127/579 (21.9) 8.8 [7.4-10.5] e 1.6[1.3-20] <0.001 0.720
Diabetes
Primary 79/369 (21.4) 10.9[8.8-13.6] f—o— 29[22-39] <0.001
Secondary 89/ 399 (22.3) 9.6(7.8-11.8] e— 1.9[1.5-2.5]  <0.001 0.027
Cerebrovascular disease
Primary 39/226 (17.3) 8.1[5.8-11.1] —o—] 1.4 [1.0-1.9] 0.076
Secondary 71/324 (21.9) 9.4(7.5-11.9] o 1.7[1.3-22] <0.001 0.577
Peripheral vascuiar disease
Primary 36/157 (22.9) 12.4[8.9-17.2] ——f 23[16-3.3] <0.001
Secondary 50/203 (24.6) 9.4(7.1-12.3] e 1.7[1.3-23] <0.001 0.471
Chronic obstructive pulmonary disease
Primary 58/291(19.9) 9.3 [7.2-12.1] —— 22[16-29] <0.001
Secondary 72/330 (21.8) 8.8(7.0-11.0] —o—| 1.8[1.4-24]  <0.001 0.646
Chronic renal disease
Primary 21/65 (32.3) 20.1[13.1-30.9] p—e— 33[21-52] <0.001
Secondary 27/67 (40.3) 208 [14.3-30.3] F—e——+ 39[26-58] <0.001 0.362
Liver disease
Primary <4/8 (<50.0) 52[07-372] F——e—————Pp 18[03-127] 0568
Secondary 5/22 (22.7) 9.5[3.9-22.7] fP——e————f 23[1.057] 0.059 0.800
Cancer
Primary 9/76 (11.8) 5.8([3.0-11.2] e— 0.91[0.5-1.8] 0.746
Secondary 40/134 (29.9) 13.5[9.9-18.4] —e—{ 22[1.5-30] <0.001 0.068
Chronic psychiatric disease
Primary <4/32 (<12,5) 1.3[0293] Po—— 0.4 [0.1-2.8] 0.308
Secondary 12/47 (25.5) 13.7[7.8-24.2] —e— 28[16-49] <0.001 0.090

it 11
0.1 3.0 5.0

Hazard Ratio [95% Cl]

Figure 3 Forest plot depicting the risk of appropriate implantable cardioverter defibrillator (ICD) therapy (A) and all-cause mortality (B)
in the presence of different non-ICD indication-related co-morbidities. Individual multivariate Cox models were fitted for each co-morbid
condition and adjusted for age and gender. Not having the specific co-morbidity was used as a reference. Cl, confidence interval; py, patient

years.
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indication.

increased risk of death in both primary and secondary prevention
ICD patients (Figure 3B). Cancer, cerebrovascular disease, and
chronic psychiatric disease were only found to be significantly
associated with increased risk of death in secondary prevention
patients (Figure 3B).

Discussion

In a Danish nationwide study of 4334 ICD patients, consecutively
implanted between 2007 and 2012, we found a temporal increase
in age at implant and in frequency of non-ICD indication-related
co-morbid conditions in patients selected for primary prevention
ICD implantation, while this was not the case for patients receiving
an ICD for secondary prevention. Increasing co-morbidity bur-
den was not associated with increased risk of appropriate ICD
therapy. However, with increasing co-morbidity burden, mortality
increased, and a higher proportion of patients died without ever
having utilized their device.

The implantation rate of ICD devices has increased worldwide,
and, in recent years, Denmark has had one of the highest annual
implantation rates among the European countries, reaching 231
implantations per 1 million inhabitants in 2013.2425 In a recent
study from Denmark, Schmidt et al. reported a five-fold increase in
implantations from 2000 to 2012, with a particular increase in the
elderly and in patients with a high co-morbidity burden.”* These
patients were not well represented in the randomized trials that
provide the foundation for current ICD implantation guidelines.
Therefore, it is important to obtain further knowledge regarding
the prognosis in these patients, and investigate whether they will
derive benefit from ICD implantation, in particular for primary
prevention implantation.

In the current study, we observed an association between
increasing co-morbidity burden and increasing mortality risk, with
a >50% mortality risk at 4 years in patients with co-morbidity bur-
den >3. Similar results were found in other studies.?>~?” Recently,
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Schmidt et al. found a five-fold relative risk increase in mortality
from low to high co-morbidity burden, which is consistent with
our data.?> However, in reporting co-morbidity burden, Schmidt
et al. found that 42% of primary and 29% of secondary prevention
patients had a high burden of co-morbidities, while we only report
7%. The explanation for this discrepancy is in the definition of
co-morbidity burden. Schmidt et al. used Charlson’s co-morbidity
index, which includes ICD indication-related co-morbidities, such
as myocardial infarction and congestive heart failure, while we
only included non-ICD indication-related co-morbidities. Risk
stratifying studies have previously identified several non-cardiac
co-morbidities as risk factors for mortality; however, there was no
specific focus on non-ICD indication-related co-morbidities in the
studies, most patients were enrolled in early years (1997-2008),
and none of the studies included information on appropriate ICD
therapy, making comparisons with our results challenging.?’
Interestingly, we found that, with increasing co-morbidity bur-
den, there was an increasing frequency of patients who never
experienced appropriate ICD therapy prior to death, with 72%
of primary and 45% of secondary prevention patients with a high
co-morbidity burden who never had any appropriate utilization of
their ICD device prior to death. Correspondingly, we found no
association between increasing co-morbidity burden and increas-
ing risk of appropriate therapy. There was even a hint that pri-
mary prevention patients with a high co-morbidity burden had a
lower utilization of their device, possibly due to the high mortal-
ity observed in these patients. This raises the question of whether
patients with a high co-morbidity burden gain benefit from ICD
implantation, or if the mortality risk for competing causes is so high
that these patients do not live long enough for the device to exert
its benefit. In this study, 72% of primary prevention patients with
high co-morbidity burden, who could have utilized their device,
never had any appropriate ICD therapy prior to death. However,
when looking at the total population, 11% of primary prevention
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patients with a high co-morbidity burden had an appropriate ther-
apy during follow-up. Therefore, the question that remains relates
to the definition of ICD benefit. How many patients do we need
to treat in order to justify implantation of a primary prevention
ICD? This is a tough question to answer, and the current study
is unfortunately not equipped to do so. In a recently published
analysis, study populations from several large randomized trials on
primary prevention ICD implantation were combined in order to
assess the benefit of ICD implantation in patients with multiple
co-morbidities.?> The investigators found that, although attenu-
ated, patients with high co-morbidity burden still derived benefit
from ICD implantation. However, certain aspects of this study
are questionable from the current clinical point of view. In the
randomized trials, patients were excluded if they presented with
severe co-morbidities, and therefore the results cannot be uncrit-
ically extrapolated to ‘real-life’ ICD patients. This is also evident
when comparing the 4-year mortality rates in patients with >2
co-morbidities between their study, which reported 25% mortal-
ity risk, and our study with a mortality risk of >36%.2 Secondly,
patients in the randomized trials were enrolled in earlier years as
compared with the patients from the DPIR. Major advancements
in medical therapy, on both a pharmacological and interventional
level, have occurred over time, and therefore these patients are not
representative of the current primary prevention ICD population,
making it difficult to extrapolate the results.

Chan et al. investigated the benefit of ICD implantation in
the setting of multiple co-morbidities, and found ICD implan-
tation to be associated with reduced mortality risk irrespec-
tive of co-existing co-morbidities.”® However, with increasing
co-morbidity burden, the benefit of ICD was attenuated and,
even though the interaction P-value was insignificant between the
co-morbidity burden groups, the authors were not able to show
a significant benefit of ICD implantation in patients with multi-
ple co-morbidities. These findings suggest that the benefit of ICD
implantation might be outweighed by the competing mortality risk
associated with these co-morbidities, further stressing the impor-
tance of careful and individual assessment prior to deciding on ICD
implantation.

From previous studies, we know that complication rates are sig-
nificantly higher in patients with multiple or severe co-morbidities,
with reported complication rates up to 21%.2323% Therefore, in
primary prevention patients with high co-morbidity burden, clin-
icians need to exert vigilance and conduct thorough individual
assessments of whether the benefits outweigh the risks of implan-
tation. In secondary prevention patients who have survived a car-
diac arrest, an ICD is generally indicated, as we know that these
patients have a high risk of SCD, and higher utilization of their ICD
device, as compared with primary prevention patients. However,
it is interesting to observe the >50% 4-year mortality risk in sec-
ondary prevention patients with a high co-morbidity burden, and
that 45% of those patients who potentially could have used their
device die without utilizing their device, suggesting a high mortality
for competing causes.

The results from this study pose some interesting questions
regarding utilization of ICD devices in patients with multiple

co-morbidities. However, it must be stressed that this is a retro-
spective study without a control population, and therefore we are
not able to draw conclusions regarding the clinical benefit of ICD
implantation in the setting of multiple co-morbidities. Additional
larger studies with a control population are needed to investi-
gate this aspect further. Nevertheless, our results emphasize the
importance of thorough evaluation of the risks and benefits on an
individual level prior to primary prevention ICD implantation in
patients with multiple co-morbidities.

Limitations

The results from the current study are based on prospectively
collected data from registers, and can therefore only be conceived
as hypothesis generating. Furthermore, we cannot eliminate the
possibility of unmeasured confounders. Given the lack of a control
population, we are unable to draw conclusions regarding ICD
efficacy. The risk of underestimation of ICD therapy due to
under-reporting remains, as does the risk of misinterpretation of
appropriate ICD therapies. However, we believe this risk to be very
low. If an ICD therapy occurred, the treating pacemaker technician
or electrophysiologist interrogated the device, and classified the
ICD therapy as appropriate or inappropriate according to the
underlying rhythm. In cases of doubt, an electrophysiologist was
consulted. In addition, we attempted to validate the accuracy of
ICD therapy registration in the DPIR. However, when comparing
the registration in the DPIR with information from patient charts,
we found that in all cases, ICD therapy was better registered
in the DPIR than in patient charts, making proper validation
difficult. Unfortunately device programming, including VT/VF zones
with detection limits, and delays are not reported in the DPIR.
Therefore, we are regrettably not able to provide or take this
information into account.

The Danish National Patient Register’s main function is as an
administrative register, through which all hospital reimbursement
for patient admissions are controlled. The accuracy is vital for
hospital and departmental economics. Co-morbidities were identi-
fied from discharge diagnosis codes in the Danish National Patient
Register (Supplementary material online, Table S 7). Previous stud-
ies have reported a high positive predictive value for most diag-
noses utilized in the current study.™ In addition, the definition
of diabetes, heart failure, and COPD incorporated use of rele-
vant medication, in order to ensure the highest possible accuracy.
Therefore, we believe the risk of under- and/or misreporting to be
very low.

Conclusion

In Denmark, patients selected for primary prevention ICD implan-
tation are becoming older with a higher co-morbidity burden,
although the absolute frequency of both primary and secondary
prevention patients with >3 co-morbidities remains fairly low
(7%). Increasing co-morbidity burden was not associated with
increasing risk of appropriate ICD therapy in either primary or
secondary prevention patients, although it was associated with
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increasing mortality risk, with a 4-year mortality rate of >50%
in patients with multiple co-morbidities, irrespective of implant
indication. Furthermore, with increasing co-morbidity burden, a
higher frequency of patients died without ever having utilized
their device, suggesting that the competing risk of non-SCD
is high.

Supplementary Information

Additional Supporting Information may be found in the online
version of this article:

Table S1. ICD codes, procedure codes, and ATC codes for
defining co-morbidities.

Funding

This research project was supported by a research grant from
The Danish Council for Independent Research (Grant ID:
DFF-4004-00225).

Conflict of interest: A.C.R. has received research grants from
Biotronik, educational travel support from Medtronic, and speak-
ers fee from Bristol Myers Squibb. G.H.G. is supported by an
unrestricted research scholarship from the Novo Nordisk Foun-
dation and research grants from Bristol Myers Squibb, Pfizer,
AstraZeneca, and Boehringer Ingelheim. H.H.P. reports receiv-
ing speakers fees/consultants honoraria from Medtronic, St. Jude
Medical, and Biosense Webster. J.C.N. reports receiving speakers
fees/consultants honoraria from Biotronik, Boston-Scientific, and
Biosense Webster. CJ. reports receiving fellowship support from
Boston Scientific. All other authors have no potential conflict of
interests to declare.

Authors’ contributions: All analysis were conducted by the
primary and corresponding author A.C.R. G.H.G. and C.J. had full
access to all data and take responsibility for the integrity of the data
and the accuracy of the data analysis.

References

1. Connolly SJ, Hallstrom AP, Cappato R, Schron EB, Kuck KH, Zipes DP, Greene
HL, Boczor S, Domanski M, Follmann D, Gent M, Roberts RS. Meta-analysis of the
implantable cardioverter defibrillator secondary prevention trials. AVID, CASH
and CIDS studies. Antiarrhythmics vs Implantable Defibrillator study. Cardiac
Arrest Study Hamburg. Canadian Implantable Defibrillator Study. Eur Heart |
2000;21:2071-2078.

2. Priori SG, Blomstrom-Lundqvist C, Mazzanti A, Blom N, Borggrefe M, Camm J,
Elliott PM, Fitzsimons D, Hatala R, Hindricks G, Kirchhof P, Kjeldsen K, Kuck KH,
Hernandez-Madrid A, Nikolaou N, Norekval TM, Spaulding C, Van Veldhuisen
DJ. 2015 ESC Guidelines for the management of patients with ventricular
arrhythmias and the prevention of sudden cardiac death: the Task Force for
the Management of Patients with Ventricular Arrhythmias and the Prevention of
Sudden Cardiac Death of the European Society of Cardiology (ESC). Endorsed
by: Association for European Paediatric and Congenital Cardiology (AEPC). Eur
Heart ] 2015;36:2793-2867.

3. Moss AJ, Greenberg H, Case RB, Zareba W, Hall W], Brown MW, Daubert
JP, McNitt S, Andrews ML, Elkin AD. Long-term clinical course of patients
after termination of ventricular tachyarrhythmia by an implanted defibrillator.
Circulation 2004;110:3760—3765.

4. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, Domanski M, Trout-
man C, Anderson J, Johnson G, McNulty SE, Clapp-Channing N, Davidson-Ray
LD, Fraulo ES, Fishbein DP, Luceri RM, Ip JH, Sudden Cardiac Death in Heart Fail-
ure Trial Investigators. Amiodarone or an implantable cardioverter-defibrillator
for congestive heart failure. N Engl | Med 2005;352:225-237.

© 2016 The Authors

European Journal of Heart Failure © 2016 European Society of Cardiology

19.

20.

21.

22.

23.

Moss A, Zareba W, Hall W], Klein H, Wilber DJ, Cannom DS, Daubert
JP, Higgins SL, Brown MW, Andrews ML, Multicenter Automatic Defibrillator
Implantation Trial Il Investigators. Prophylactic implantation of a defibrillator in
patients with myocardial infarction and reduced ejection fraction. N Engl | Med
2002;346:877-883.

. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland |G, Coats A|, Falk V,

Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, Jessup M, Linde C, Nihoy-
annopoulos P, Parissis JT, Pieske B, Riley JP, Rosano GM, Ruilope LM, Ruschitzka
F, Rutten FH, van der Meer P. 2016 ESC Guidelines for the diagnosis and treat-
ment of acute and chronic heart failure: The Task Force for the diagnosis and
treatment of acute and chronic heart failure of the European Society of Car-
diology (ESC). Developed with the special contribution of the Heart Failure
Association (HFA) of the ESC. 2016;18:891-975.

. Wissenberg M, Lippert FK, Folke F, Weeke P, Hansen CM, Christensen EF, Jans

H, Hansen PA, Lang-Jensen T, Olesen ]B, Lindhardsen ], Fosbol EL, Nielsen SL,
Gislason GH, Kober L, Torp-Pedersen C. Association of national initiatives to
improve cardiac arrest management with rates of bystander intervention and
patient survival after out-of-hospital cardiac arrest. JAMA 2013;310:1377-1384.

. Weisfeldt ML, Sitlani CM, Ornato JP, Rea T, Aufderheide TP, Davis D, Dreyer

J, Hess EP, Jui ], Maloney ], Sopko G, Powell |, Nichol G, Morrison L], ROC
Investigators. Survival after application of automatic external defibrillators before
arrival of the emergency medical system: evaluation in the resuscitation outcomes
consortium population of 21 million. | Am Coll Cardiol 2010;55:1713-1720.

. Pedersen CB. The Danish Civil Registration System. Scand | Publ Health

2011;39:22-25.

. Pedersen CB, Gotzsche H, Moller JO, Mortensen PB. The Danish Civil Registra-

tion System. A cohort of eight million persons. Dan Med Bull 2006;53:441—449.

. Schmidt M, Pedersen L, Sorensen HT. The Danish Civil Registration System as a

tool in epidemiology. Eur | Epidemiol 2014;29:541—-549.

. Arnsbo P, Moller M. Updated appraisal of pacing lead performance from the

Danish Pacemaker Register: the reliability of bipolar pacing leads has improved.
Pacing Clin Electrophysiol 2000;23:1401—1406.

. Kirkfeldt RE, Johansen ]B, Nohr EA, Moller M, Arnsbo P, Nielsen JC. Risk factors

for lead complications in cardiac pacing: a population-based cohort study of
28,860 Danish patients. Heart Rhythm 2011;8:1622—1628.

. Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen L, Sorensen HT.

The Danish National Patient Registry: a review of content, data quality, and
research potential. Clin Epidemiol 2015;7:449—-490.

. Kildemoes HW, Sorensen HT, Hallas ). The Danish National Prescription

Registry. Scand | Publ Health 2011;39:38—41.

. Kumler T, Gislason GH, Kirk V, Bay M, Nielsen OW, Kober L, Torp-Pedersen C.

Accuracy of a heart failure diagnosis in administrative registers. Eur | Heart Fail
2008;10:658—660.

. Thomsen RW, Lange P, Hellquist B, Frausing E, Bartels PD, Krog BR, Hansen

AM, Buck D, Bunk AE. Validity and underrecording of diagnosis of COPD in the
Danish National Patient Registry. Respir Med 2011;105:1063—1068.

. Andersson C, Norgaard ML, Hansen PR, Fosbol EL, Schmiegelow M, Weeke P,

Olesen |B, Raunso J, Jorgensen CH, Vaag A, Kober L, Torp-Pedersen C, Gislason
GH. Heart failure severity, as determined by loop diuretic dosages, predicts the
risk of developing diabetes after myocardial infarction: a nationwide cohort study.
Eur | Heart Fail 2010;12:1333-1338.

Buch P, Rasmussen S, Gislason GH, Rasmussen N, Kober L, Gadsboll N,
Stender S, Madsen M, Torp-Pedersen C, Abildstrom SZ. Temporal decline in the
prognostic impact of a recurrent acute myocardial infarction 1985 to 2002. Heart
2007;93:210-215.

Norgaard ML, Andersen SS, Schramm TK, Folke F, Jorgensen CH, Hansen
ML, Andersson C, Bretler DM, Vaag A, Kober L, Torp-Pedersen C, Gis-
lason GH. Changes in short- and long-term cardiovascular risk of incident
diabetes and incident myocardial infarction—a nationwide study. Diabetologia
2010;53:1612-1619.

Bonde AN, Lip GY, Kamper AL, Hansen PR, Lamberts M, Hommel K, Hansen ML,
Gislason GH, Torp-Pedersen C, Olesen ]B. Net clinical benefit of antithrombotic
therapy in patients with atrial fibrillation and chronic kidney disease: a nationwide
observational cohort study. | Am Coll Cardiol 2014;64:2471-2482.

Thygesen SK, Christiansen CF, Christensen S, Lash TL, Sorensen HT. The
predictive value of ICD-10 diagnostic coding used to assess Charlson comorbidity
index conditions in the population-based Danish National Registry of Patients.
BMC Med Res Methodol 2011;11:83.

Steinberg BA, Al-Khatib SM, Edwards R, Han ], Bardy GH, Bigger ]JT, Bux-
ton AE, Moss AJ, Lee KL, Steinman R, Dorian P, Hallstrom A, Cappato R,
Kadish AH, Kudenchuk PJ, Mark DB, Inoue LY, Sanders GD. Outcomes of
implantable cardioverter-defibrillator use in patients with comorbidities: results
from a combined analysis of 4 randomized clinical trials. JACC Heart Fail 2014;2:
623-629.



386

A.C. Ruwald et al.

24.

25.

26.

27.

Raatikainen M), Arnar DO, Zeppenfeld K, Merino JL, Levya F, Hindriks G, Kuck
KH. Statistics on the use of cardiac electronic devices and electrophysiological
procedures in the European Society of Cardiology countries: 2014 report from
the European Heart Rhythm Association. Europace 2015;17 Suppl 1:i1-i75.
Schmidt M, Pedersen SB, Farkas DK, Hjortshoj SP, Botker HE, Nielsen
J, Sorensen HT. Thirteen-year nationwide trends in use of implantable
cardioverter-defibrillators and subsequent long-term survival. Heart Rhythm
2015;12:2018-2027.

Theuns DA, Schaer BA, Soliman Ol, Altmann D, Sticherling C, Geleijnse ML,
Osswald S, Jordaens L. The prognosis of implantable defibrillator patients treated
with cardiac resynchronization therapy: comorbidity burden as predictor of
mortality. Europace 2011;13:62—69.

Hohnloser SH, Israel CW. Current evidence base for use of the implantable
cardioverter-defibrillator. Circulation 2013;128:172—-183.

28.

29.

30.

Chan PS, Nallamothu BK, Spertus JA, Masoudi FA, Bartone C, Kereiakes
DJ, Chow T. Impact of age and medical comorbidity on the effectiveness of
implantable cardioverter-defibrillators for primary prevention. Circ Cardiovasc
Qual Outcomes 2009;2:16—24.

Dodson JA, Reynolds MR, Bao H, Al-Khatib SM, Peterson ED, Kremers MS,
Mirro M), Curtis JP, NCDR. Developing a risk model for in-hospital adverse
events following implantable cardioverter-defibrillator implantation: a report
from the NCDR (National Cardiovascular Data Registry). | Am Coll Cardiol
2014;63:788-796.

Buiten MS, De Bie MK, Van Der Heijden AC, Rotmans |l, Bootsma M,
Marc Groeneveld JH, Wolterbeek R, Rabelink TJ, Jukema JW, Schalij M,
Van Erven L. Chronic kidney disease and implantable cardioverter defibrilla-
tor related complications: 16 years of experience. | Cardiovasc Electrophysiol
2014;25:998-1004.

© 2016 The Authors

European Journal of Heart Failure © 2016 European Society of Cardiology



